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Yang Haibo1, Song Wei1, Chen Lanying1, Li Qifu2*, Yu Huaibin1
(1College of Life Science and Engineering, Henan University of Urban Construction, Pingdingshan 467036, China; 
2Department of Basic Medicine, Medical College of Xiamen University, Xiamen 361005, China)
Abstract        To explore the existence and distribution of nucleophosmin (NPM) in the nuclear matrix and its 
colocalization with the other apoptosis-related gene products following curcumin treatment in the human epithelial 
HaCaT cells, the nuclear matrix of HaCaT cells was extracted pre/post curcumin induced apoptosis. Western blot 
analysis showed that NPM existed in the fractions of nuclear matrix proteins and was down-regulated after cur-
cumin treatment. The immunofl uorescence observation revealed that NPM located in the nuclear matrix, curcumin 
treatment altered its expression level and distribution profi le. The colocalization of NPM with the products of apop-
tosis-related repression genes, including Bax, Bcl-2, mtP53 and Rb, using laser scanning confocal microscopy, were 
evaluated, and substantial differences were observed following curcumin treatment. The results implied that NPM is 
a nuclear matrix protein, and the level of its expression and the colocalization with apoptosis-related gene products 
may play an important role during the apoptosis of HaCaT cells.



























1   材料与方法










1.2   方法
1.2.1   细胞培养和诱导凋亡处理      HaCaT细胞培
养于RPMI-1640培养液中(内含15%热灭活小牛血清
和100 U/mL青霉素、100 U/mL链霉素及50 mg/L卡
那霉素, pH7.2), 于37 °C培养。姜黄素用二甲基亚砜
(DMSO)溶解, 浓度为10 g/L, –20 °C避光保存, 临用
前用培养液稀释成7.5 mg/L工作液。取对数生长期
的HaCaT细胞进行消化传代, 接种24 h后, 对照组细
胞更换新鲜培养液, 诱导处理组更换姜黄素工作液。
1.2.2   核基质蛋白的提取      依据细胞核基质蛋白
的常规制备方法[8]并加以优化, 分别将对照组与处
理组的HaCaT细胞用PBS漂洗2次, 加入含0.5%细
胞骨架提取液CSK100, 0 °C放置10 min, 1 000 r/min
离心5 min, 弃上清。加入细胞骨架提取液, 洗涤2
次, 1 000 r/min离心10 min, 弃上清。加入300 U/mL 
DNase I(CSK50配制)室温消化30 min, 加入1 mol/L 
(NH4)2SO4至终浓度为0.25 mol/L, 室温沉淀15 min, 
1 000 r/min离心10 min, 弃上清, 不溶性沉淀物的成
分即为核基质蛋白, 最后CSK50洗1次, 于–80 °C储
存备用。
1.2.3   Western blot      取适量核基质蛋白样品进行
常规SDS-PAGE电泳。以半干法将蛋白转移到PVDF 
膜上。纯水漂洗, 干燥。PVDF膜以5% BSA室温孵
育1.5 h。TTBS(0.05% Tween-20, 50 mmol/L Tris/HCl, 
150 mmol/L NaCl, pH7.4)洗膜; 加入NPM(1:2 000)抗






1.2.4   NPM的免疫荧光染色      接种在盖玻片条上
的对照组和姜黄素组细胞经选择性提取核基质―中
间纤维系统后, 4%多聚甲醛中于4 °C固定10 min, 5% 
BSA室温封闭1 h, 分别滴加NPM抗体稀释液, 室温
孵育30 min, 用含0.5% Triton X-100的PBS(TPBS)漂
洗, 滴加FITC标记的二抗作用液, 室温孵育30 min。




1.2.5   激光共聚焦显微镜样品的制备与观察      玻
片培养细胞在含0.5% Triton X-100的PBS中37 °C




片上, 4 °C冰箱中孵育过夜; PBS漂洗。分别滴加相
782 ·研究论文 ·
应组合的荧光标记二抗, 室温孵育30 min, PBS漂洗, 
避光。90%甘油/PBS封片。在德国莱卡公司的TCS-
SP2 MP型激光共聚焦显微系统下观察结果, Cy3以
543 nm波长激发, FITC以488 nm波长激发[10]。
2   结果




























2.3   NPM和Bax、Bcl-2、mtP53以及Rb在HaCaT
细胞内的共定位关系






















Fig.1  Expressing level of NPM in whole and 
nuclear matrix of HaCaT cell
NPM
β-actin
Whole cell Nulear matrix
Control Cur Control Cur
A和B为光镜观察结果, C和D为荧光显微镜观察结果。
A,B: morphological changes visualized under an ordinary inverted 
phase-contrast microscope; C,D: morphological changes visualized 
under fl uorescence microscope.
图2  NPM在HaCaT细胞中核基质―中间纤维的光镜
和荧光显微镜下的观察
Fig.2  Light microscope(LM) and fl uorescent microscope
observation of the nuclear matrix-intemediate fi lament 
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